ABSTRACT: Feed industries are seeking new ways to cope with increased raw material costs, and one approach is to apply enzymatic treatment in the production of feed ingredients from animal by-products. Keratinases, a group of proteases, are capable of hydrolyzing keratin-rich material and have been applied in the production of cost-effective feather by-products for use as feed and fertilizers. The current study examined 4 commercial feed proteases from Bacillus subtilis, Bacillus licheniformis PWD-1, Aspergillus niger, and Serratia proteamaculans HY-3 used to hydrolyze chicken feather under different conditions. The degree of keratinolysis was monitored by measuring the release of NH 2 groups using o-phthalaldehyde (OPA) and by scanning electron microscopy. All 4 feed proteases were able to degrade feather at pH 5.5 and 7.0. The degree of hydrolysis was stimulated by the addition of reducing reagents such as dithiothreitol (DTT) and Na 2 SO 3 . In general, the protease from B. subtilis was more effi cient in degrading feather keratin compared to the other 3 feed proteases at both pH 5.5 and 7.0. For commercial production, the application of protease from B. subtilis is even more advantageous considering the lower costin-use.
INTRODUCTION
Feather is composed mainly of the highly rigid structural polypeptide keratin, which is resistant to known digestive enzymes (e.g., pepsin and trypsin; Gupta and Ramnani, 2006) . In this respect, microbial keratinases are of biotechnological interest because they target the hydrolysis of keratin and have been applied in the production of cost-effective feather by-products for use as feed and fertilizers (Gupta and Ramnani, 2006) . Proteolysis and sulfi tolysis are believed to collaborate in the complex mechanism of keratinolysis. A nutritional improvement of keratinase-pretreated feather meal has been reported compared to the conventional hydrothermal processing (Considine, 2000) , supporting further investigations of implementing commercial proteases in the feather meal processing industry.
The aim of the work was to compare 4 commercial proteases in their ability towards degrading feather keratin both in the presence and the absence of a reducing agent.
MATERIALS AND METHODS

Enzymes
Four commercial proteases from various microbial origins and enzyme producers were used: Bacillus subtilis (Protex 30L, syn. P-3000, DuPont), Bacillus licheniformis PWD-1 (Cibenza DP100, Novus Intl.), Aspergillus niger (Allzyme FD, Alltech Intl.), and Serratia proteamaculans HY-3 (Arazyme One-Q, Insect Biotech Co.). In order to ensure a reliable comparison of the 4 proteases, the basis for comparison was chosen to be the total amount of protein and the total amount of protease (active enzyme) added to the reaction. Protein quantifi cation was determined using 2 quantifi cation kits, due to possible protein-to-protein variation associated with different methods: Quant-iT (QT) Protein Assay Kit (Invitrogen) and Bio-Rad (BR) Protein Assay (Bio-Rad). The purity, in relation to the amount of active enzyme, was determined using gel electrophoresis followed by band-density gel analysis using ImageJ software (National Institute of Health). A fi xed amount of B. subtilis was used as benchmark in all experiments (7.5 and 12.9 μg for total protein Published January 23, 2015 comparison, BR and QT, respectively, and 5.9 and 10.1 μg for total protease comparison, BR and QT, respectively).
Experimental Setup
Standardized feather substrate (20 mg) was added to reaction vials along with reaction buffer (25 mM 3-(N-morpholino)propanesulfonic acid, pH 7.0, and 25 mM 2-(N-morpholino)ethanesulfonic acid, pH 5.5, containing 5 mM CaCl 2 ) to a fi nal reaction volume of 1.0 mL and mixed until the feather became hydrated.
For the experiments performed in presence of reducing agent, 5 mM dithiothreitol (DTT) was added together with appropriate amount of each enzyme (equal to 7.5 and 12.9 μg for total protein comparison, BR and QT, respectively, and 5.9 and 10.1 μg for total protease comparison, BR and QT, respectively). The reactions were carried out at pH 5.5 and 7.0 and 50°C with mixing at 900 rpm, and aliquots were sampled every hour for up to 3 h. The degree of feather degradation was determined as keratinolytic units (KU) using o-phthalaldehyde (OPA) as described below. All reactions were performed in triplicates.
Determination of the Degree of Feather Degradation
Samples were diluted and loaded into microtiter plates and mixed with OPA reagent solution (Thermo Scientifi c). After mixing, the fl uorescence was measured in triplets on a SpectraMax M5 (Molecular Devices) at 25°C with an excitation and emission wavelength of 340 and 440 nm, respectively. One KU of activity using OPA reagent was defi ned as 1000 relative fl uorescence units. Additionally, the degree of feather degradation was visualized using scanning electron microscopy.
Statistical Analysis
Data obtained from the experiments was blank adjusted with proper controls and transformed to logarithmic scale. A one-way ANOVA was applied to the log-transformed data at 1 h of reaction followed by a Holm-Sidak pairwise comparison. Differences at P < 0.05 were considered statistically signifi cant. The estimated means from the one-way ANOVA was retransformed to original scale and compared with that of the protease from B. subtilis. Statistical analysis was performed using SigmaPlot 11.0 (Systat Software Inc.).
RESULTS AND DISCUSSION
At pH 7.0, the 4 proteases with or without reducing agent, whether calculated based on total protein or total amount protease, were able to degrade the feather keratins. The general ranking of the 4 proteases are as follows: B. subtilis, B. licheniformis, A. niger, and S. proteamaculans HY-3, with the latter being similar. Therefore, only data obtained from the comparisons based on total protein, 12.9 μg (QT), with and without reducing agent are presented (Figures 1 and 2) .
For the total protein comparison (QT) without reducing agent present (Figure 1) , the B. subtilis protease increased (P < 0.05) the degradation of feather by 1.2-, 4.4-, and 6.6-fold at 1 h of reaction compared with B. licheniformis PWD-1, A. niger, and S. proteamaculans HY-3, respectively. For the total protein comparison (QT) in presence of 5 mM DTT (Figure 2) , the B. subtilis protease increased (P < 0.05) the degradation of feather by a 1.6-, 11-, and 13-fold at 1 h of reaction compared with B. licheniformis PWD-1, A. niger, and S. proteamaculans HY-3, respectively.
The addition of 5 mM DTT markedly increased the degree of feather keratin degradation, which corresponds well with previously published results describing the importance of sulfi tolysis in relation to keratinolysis (Onifade et al., 1998; Ramnani and Gupta, 2007; Ramnani et al., 2005) . Furthermore, the use of DTT as reducing agent was superior to Na 2 SO 3 as reducing agent (data not shown); however, the markedly higher cost of DTT is a disincentive for the use of DTT instead of Na 2 SO 3 in the feather processing industry. The lowering of reaction pH from 7.0 to 5.5 affected the degree of feather keratin hydrolysis with both B. subtilis and B. licheniformis PWD-1 proteases showing a decrease in activity whereas A. niger and S. proteamaculans HY-3 both showed a minor increase in keratinolytic activity (data not shown).
Scanning electron microscopy was applied to visualize and confi rm the proteolytic degradation of feather. As illustrated on Figure 3 , the degree of feather degradation increased when feather was incubated with B. subtilis. The pictures show the degradation path starting with intact feather barbs and barbules ( Figure  3A ), moving to a partial degradation of feather barbs and barbules after 3 h ( Figure 3B ), and ending with a complete degradation of feather barbules along with disintegration of the feather rachis structure after 5 h of incubation ( Figure 3C ).
In conclusion, the results illustrate a high feather keratin degrading potential of the protease from B. subtilis when compared to 3 other commercial available proteases. Furthermore, the addition of reducing agents further increased the degree of feather keratin hydrolysis.
